OBJECTIVES The purpose of this study was to assess the performance of cardiac magnetic resonance (CMR) methods for discriminating acute from chronic myocardial infarction (MI).
distinguish acute from chronic MI (2-4).
However, the time frame for detecting "acute" T2-weighted CMR changes is unclear, and, to date, only 3 studies have reported on diagnostic performance in 54, 50, and 46 patients, respectively (5) (6) (7) . Moreover, these studies have the potential limitation of spectrum bias in that enrolled patients generally had extremes in infarct age (e.g., <1
week vs. more than 6 months). Hence, the diagnostic utility of T2-weighted CMR re- Comparisons of discrete data were made using chisquare tests. PREVALENCE OF CMR ABNORMALITIES. T2-DIR-TSE hyperintensity. The prevalence of T2-hyperintensity was high (88%) during the first month post-MI ( Figure 1A ). Of the 13 (12%) that did not have T2-hyperintensity during the first month, 12 had small infarcts (<10% LV) or poor image quality. The prevalence of T2-hyperintensity then steadily decreased with infarct age, but was still 33% for MIs 3 to 6 months old and 17% for MIs $6 months old. After Values are mean AE SD or n (%). *Five patients had troponin I measurements. †Significant coronary artery disease defined as >70% stenosis.
discounting hyperintense regions that were remote from the IRA territory and thus likely artifactual, the prevalence decreased to 4% for MIs $6 months old, but remained relatively high at 32% for MIs 3 to DE-CMR and Cine-CMR. Examples of MO and regionally increased EDWT are shown in Figure 3A . Even early post-MI, the prevalence of MO and increased EDWT were moderate, and both decreased sharply with infarct age ( Figure 3B ). In all cases, MO and increased EDWT were located in the correct IRA territory. The combination of MO or increased EDWT allowed a higher detection rate of MIs <1 month old (73% vs.
55% for MO alone and 42% for increased EDWT alone) without significantly increasing the detection rate of MIs $1 month old. The prevalence of regional wall thinning steadily increased with infarct age; however,
given that 6% of infarcts <1 week old had wall thinning, it was not an absolute marker of chronic MI, nor was it sensitive for chronic MI in that only 35% of infarcts $6 months old had thinning.
Effect of image quality. Of T2-DIR-TSE images, 66%
were graded satisfactory or excellent compared with 92% and 93% for DE-CMR and cine-CMR, respectively ( Figure 4A ). T2-DIR-TSE slow-flow artifact was usually apical, whereas signal dropout was often inferolateral;
however, any location could be affected ( Figure 4B ).
When only scans with satisfactory or excellent image quality were included, the prevalence of T2 hyperintensity increased for intermediate-age MI ( Figure 1C ), whereas it remained low (7%) for MIs $6 months old. There was no effect of DE-CMR and cine-CME image quality score on the prevalence of MO and increased EDWT, respectively.
DIAGNOSTIC PERFORMANCE. for the diagnosis of acute MI (<1 month old). In contrast, when only delayed-enhancement and cine-CMR images were available, the finding of MO and increased EDWT, individually, had poor sensitivity (55% and 42%, respectively) but both were very specific (98% and 99%, respectively). The combination of MO or increased EDWT provided a substantial increase in sensitivity (73%; 95% CI: 64% to 81%), while maintaining a high specificity (97%; 95% CI: 92% to 99%), which was greater than the specificity seen for Smulders et al.
Differentiating Acute From Chronic MI J U N E 2 0 1 5 : 6 6 9 -7 9 T2-DIR-TSE (p < 0.001). When all CMR components were made available during the interpretation, sensitivity, specificity, and accuracy were slightly higher than for T2-DIR-TSE alone (p ¼ 0.16, p ¼ 0.05, p ¼ 0.02, respectively).
For MIs <6 months old, the specificity of T2-DIR-TSE alone was 83% (95% CI: 66% to 99%). The specificity rose to 93% (95% CI: 79% to 100%) when considering only those scans with satisfactory or excellent image quality. Likewise, the specificity of T2-DIR-TSE increased to 96% (95% CI: 87% to 100%) when the complete examination was made available because T2-hyperintense regions remote from the infarcted territory (by DE-CMR) were considered artifactual. Table 4) .
CLASSIFICATION INTO INFARCT AGE CATEGORIES.
Because T2-DIR-TSE hyperintensity appeared to be Examples demonstrating that T2-DIR-TSE hyperintensity (arrows) seen acutely (<1 month) can persist when reimaged 1 to 6 months post-MI.
In all 3, T2-hyperintense regions match the location of DE-CMR hyperenhancement (arrows). DE-CMR ¼ delayed-enhancement cardiac magnetic resonance; MI ¼ myocardial infarction; T2-DIR-TSE ¼ T2-weighted double inversion recovery turbo spin echo.
Differentiating Acute From Chronic MI specific for infarcts <6 months old and MO and increased EDWT were specific for infarcts <1 month old, a simple algorithm incorporating all components was devised. The presence of MO or increased EDWT was used to signify MIs <1 month old; the presence of T2-hyperintensity in the absence of MO or increased EDWT to indicate MIs 1 to 6 months old; and the absence of MO or increased EDWT and T2-hyperintensity to indicate MIs more than 6 months old. Infarct sizes $5% or $10% of LV mass occurred in 62% or 84% of the population, respectively, and the algorithm was 70% (95% CI: 63% to 77%) or 80% (95% CI: 73% to 87%) accurate in categorizing infarct age, respectively.
DISCUSSION
Differentiating an MI that is 1 to 2 weeks old from an MI that is months old is crucial for patient management and risk stratification. For example, the risk of sudden death is highest within 30 days after MI among patients with LV dysfunction; thus, early implementation of strategies to reduce the risk of sudden death may be warranted in selected patients (13). However, primary prevention implantable cardioverter-defibrillator implantation should not be performed for at least 40 days post-MI, even in those with the requisite level of LV dysfunction, in part because of the dynamic nature of LV functional improvement in the first several weeks after MI (14) .
Hence, knowledge of infarct age is essential to follow contemporary practice guidelines, yet the majority of acute MI events are clinically unrecognized, precluding this determination (15) .
In this 2-center study of patients with STEMI who underwent CMR at known time points after a documented MI, we found that T2-DIR-TSE hyperintensity in infarcted regions was specific for infarcts <6 months old, whereas microvascular obstruction and increased EDWT was specific for infarcts <1 month old. Multivariable analysis demonstrated that persistence of T2-hyperintensity in intermediate-age infarcts (1 to 6 months old) was predicted by larger infarct size, the presence of diabetes, and better T2-DIR-TSE image quality. A simple algorithm was developed incorporating multiple CMR markers of acute MI and accounting for their different longevity. This allowed classification of infarct age into 3 specific categories (<1 month old, 1 to 6 months old, and more than 6 months old) rather than just "acute" or "chronic" categories, and for infarct size $10% of the left ventricle, the algorithm was found to be accurate in 80% of cases.
Our finding that T2-DIR-TSE is 66% specific for differentiating MIs <1 month old appears to be at odds with previous studies. For instance, Abdel-Aty et al. (5) reported 96% specificity for discriminating acute from chronic MI (chronic defined as more than 4 weeks old). Likewise, Stork et al. (6) and O h-Ici et al. (7) reported 98% and 99% specificity, respectively. However, it is important to note that these earlier studies were not designed to evaluate a broad spectrum of infarct age. Instead, the focus was on ex- The primary basis for the low specificity that we report using the threshold of <1 month for acute MI is the observation that T2-DIR-TSE hyperintensity often persists for several months post-MI (Figures 1 and 2) .
From the literature, the duration of T2-hyperintensity after acute MI is unclear. The few published studies were performed blinded to the CMR study date. In the present study, the sample size was larger, T2-DIR-TSE images were interpreted separately from other CMR data blinded to the study date, image quality was assessed, and the IRA territory was determined by coronary angiography to help distinguish true from artifactual findings.
We used a conventional black-blood sequence to obtain T2-weighted images because it is the most commonly used in clinical practice and has the most extensive literature (2) . Although image quality occasionally can be suboptimal with this sequence, we believe that T2-hyperintensity by other sequences may also be specific for MIs <6 months old for the following reasons. First, when only scans with better image quality were considered, the specificity of T2-DIR-TSE hyperintensity for MIs <6 months old increased to 93% (from 83%). Second, for scans with better image quality, T2-DIR-TSE hyperintense regions were invariably within the correct IRA perfusion territory by coronary angiography and matched the infarct location determined by DE-CMR. Third, when T2-DIR-TSE images were read in conjunction with cine and delayed-enhancement images (complete examination available), so that apparent T2-hyperintense regions remote from the infarcted territory could be considered artifactual, the specificity of T2-hyperintensity for MIs <6 months old increased to 96%. These findings suggest that any technical limitations with the T2-DIR-TSE sequence should not affect the general interpretation that T2-hyperintensity is specific for Tables 1 and 2 . The underlying cause of T2-DIR-TSE hyperintensity after MI is thought to be edema (2, 5) . However, the data in the present study are perhaps not entirely consistent with this conjecture. In animal models, myocardial tissue water content increases markedly within minutes to hours after acute reperfused MI (21) . In patients, the rapid, near-doubling in LV EDWT in the setting of acute MI is assuredly the consequence of increased tissue water (22, 23) . These studies consistently report a prevalence of w50% in the first week after MI (6, 26) , with a rapid decrease to near zero within 1 month (17, 19) . The present study, however, is the first to suggest that MO and increased EDWT may be synergistic for the detection of acute MI. The combination provided higher test sensitivity without reducing specificity for the identification of MIs <1 month old ( Table 2) . 
